The relationship between genomics and the core disciplines of ecology, evolution, and systematics is rapidly developing, computationally intensive, and changing the ways that our science asks and answers its most fundamental questions. As the six papers under this theme in this volume of AREES demonstrate, comparative and population genomics stand to fundamentally change how we study the nature of adaptation, the tempo and mode of evolution, and the history of life on Earth. Genomics is enabling our understanding of questions ranging from human historical demography to conservation biology of poorly known plants and animals, enhancing the role of organismal biology across basic and applied science.
INTRODUCTION
Imagine (as one of us often does) that in the not-too-distant future you are conducting a markrecapture study of an endangered salamander. Rather than injecting a mark into the animal, or quantifying its pattern of spots, you simply rub a cotton swab on it, pop the swab into ethanol, and record its location. Back in the laboratory, you load the day's swabs into a microtiter plate, push a button, and after lunch each animal has been genotyped, providing the ultimate DNA identification mark. However, in this case, not only can you conduct a mark-recapture study at the DNA level but you can also ask other questions-about whether certain parents or grandparents tend to leave more successful offspring, the frequencies of strongly selected loci in those successful ancestors, their genetically determined color patterns, and a host of other aspects of their genotypes and associated phenotypes. In many ways, you are engaged in what John Avise imagined in his seminal 1994 book Molecular Markers, Natural History, and Evolution (Avise 1994): a genome-enabled future that is upon us right now.
In this volume, we have assembled a group of authors to explore some of the myriad ways that the genomic revolution has transformed research in evolutionary biology, ecology, and systematics, and how it will continue to do so into the future. Since the whole genome sequencing of the first prokaryote in 1995 (the bacterial influenza pathogen Haemophilus influenzae, with a genome size of 1.8 Mb) and the first eukaryote a year later (the budding yeast Saccharomyces cerevisiae, genome size of 12.1 Mb) (Fleischmann et al. 1995 , Goffeau et al. 1996 , progress in sequencing new genomes has been nothing short of staggering. Complete and draft genome sequences are now available for analysis in thousands of species, including over 30 chordate (http://www.genomesonline.org/cgi-bin/GOLD/index.cgi) and 35 land plant species (http:// www.phytozome.net). And the rate of projects being undertaken continues to grow; for example, in April 2013, at the time this was written, the sequences of three turtle genomes were released (Shaffer et al. 2013 , Wang et al. 2013 , and the number of completed projects just keeps increasing.
As the articles in this volume of the Annual Review of Ecology, Evolution, and Systematics indicate (and contrary to some early concerns from the community), the impact of the genomic revolution on ecology, evolution, and systematics has been one of the most positive influences that our field has experienced. In most cases, the availability of both whole genome sequences and the tools of genomics provides unprecedented opportunities to address several key questions in ecology and evolution. Macroevolutionary comparisons of genomes deepen our understanding of the evolution of genome structure and the phylogenetic relationships of species. Population genomic analyses yield a richer view of demographic and selective forces experienced by populations and species. Transcriptomic analyses yield clues on the molecular bases of adaptation and speciation.
The set of six articles in this volume covers some of the most important of these areas. One of the key insights that virtually all authors recognize is that in many cases, the questions that motivate our fundamental research remain the same. We still seek to understand the genetic basis of adaptation, how speciation works, genotype-by-environment interactions, and other basic problems in ecology, evolution, and systematics. Genomics, as a tool, may not add new fundamental questions, but it adds tremendous power to our ability to answer the most challenging questions in our disciplines. And, like the salamander mark-recapture scenario that opens this introduction, genomics often adds new dimensions, such as the ability to extract multigenerational pedigree information from the organisms that we are handling in the field. Genomics, at its best, does not detract from field-or biodiversity-based approaches; rather, it adds novel insights to these disciplines.
Among the articles in this volume, Wray (2013) and Lachance & Tishkoff (2013) provide summaries of two components of the recent literature on the evolution of the phenotype, and how whole-genome data can be effectively leveraged to learn about the mechanistic basis of the evolution of novel features. As Wray notes, additional genomes are being completed and added to publicly available databases, creating the opportunity to study the details of phenotypic evolution in natural populations and in explicitly nonmodel systems. Lachance & Tishkoff focus on what we have learned from the most extensive data set yet available-human genomic data. Inferences on our migratory history, on genes that have been critical to our immune response, and on a number of key targets of intense, recent selection are being made from scans of human genomes, demonstrating that natural selection is an important aspect of recent human adaptation.
Genomics has also led to an exciting time for comparative biologists. Des Marais et al. (2013) and Hough et al. (2013) tackle the persistent problem of measuring selection in the wild and how the genomic revolution has enabled research programs in this arena. Both focus on plants, and both describe what we have learned that goes beyond purely mechanistic work on Arabidopsis or maize. As Hough et al. (2013) discuss, plant populations offer exceptional opportunities to disentangle the roles of mating system and ploidy level on patterns of selection in the wild, and comparative genomic analyses among populations and closely related species are helping to resolve the roles of these fascinating, long-standing phenomena in plant evolutionary ecology. Des Marais et al. (2013) focus on genotype-by-environment interactions in plants, with a particular emphasis on genomic responses to the plant's physical environment. As these articles emphasize, we have clearly come a long way from Clausen, Keck, and Hiesey, and the genetic/genomic basis of phenotypic plasticity in plants is starting to become a reality. Much of the most exciting work is still in rice, Arabidopsis, and a few other model species, but discovering the genes responsible for genotype-by-environment interaction and the plasticity seen in plant populations is on the immediate research horizon.
Both Lemmon & Lemmon (2013) and Feder et al. (2013) focus on the critical contribution that genomic approaches have made to systematics and phylogenetic analyses. Gene-tree/speciestree conflicts (Maddison 1997) have highlighted the problems inherent in estimating species trees (phylogenies in the normal sense of the word) from DNA sequence data, and using information from thousands of genes may or may not solve this critical problem in phylogenetic inference. Lemmon & Lemmon review this literature, emphasizing that thoughtful consideration of the best genes, and the best models of molecular evolution, are critical components of the emerging field of phylogenomics. At shallower levels of evolutionary divergence, Feder et al. consider the role that genomic scans across large sets of markers can contribute to our understanding of the mechanisms of speciation and reproductive isolation. Such genomic scans can and should help identify the genes that are mostly deeply differentiated between recently evolved species (Turner et al. 2005) as potential candidates for "speciation genes," enabling a more mechanistic understanding of such genes in nonmodel, natural systems.
As the world enters what may be its most extreme period of both species extinctions and rapid climate change, the role of ecology, evolution, and systematics in managing and controlling our own activities has never been more important. The genomics revolution is enabling all of us, across disciplines and taxonomic groups, to better understand and better manage the natural world. It's an exciting time.
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